Elsewhere I have discussed the relation of hyperglycemia to the mobilization and distribution of water and chlorine in the blood o[ diabetic patients (1). On the basis of qualitative changes in blood concentration these patients were found to be separable into two general groups. The first group comprised those patients whose response to hyperglycemia was a concentration of the circulating blood, as evidenced by a diminished relative volume of serum, high erythrocyte counts, increased viscosity of the blood to gross inspection, and frequently an increased concentration of chlorine within the erythrocytes. Reduction of the hyperglycemia permitted a reversal of these abnormalities. The second group consisted of all patients whose response to hyperglycemia was a blood dilution: increased relative volume of serum, subnormal erythrocyte counts, no increase in viscosity of the blood grossly, and extremely variable corpuscular chlorine concentrations. Reduction of the hyperglycemia also caused a reversal of these abnormalities in this group.
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All juvenile diabetics and all cases of diabetes in young adults were to be found only in the first group. In addition, certain elderly diabetics, who either had suffered severe acute exacerbations or whose blood was examined during the terminal phase of the disease, were also found in the first group. With these exceptions, diabetic patients with recognizable arteriosclerosis were found only in the second group. It is evident then that reduction of a hyperglycemia (or the action 90 HYPERGLYCEMIA of insulin) may produce either an increase or a decrease in the concentration and viscosity of the blood, the result in any given case depending upon the antecedent conditions. This fact has received exceedingly scant attention from workers in this field, probably because of the extreme difficulty encountered in attempts to reproduce in experimental animals the conditions that are found in the young diabetic patient.
Hyperglycemia and some of the related and associated phenomena have been studied in the blood of dogs. It was desired (a) to produce, if possible, a dehydration of the blood by means of glucose alone, (b) to corroborate the findings previously observed in patients, and (c) to investigate further the relation of chlorine concentration and its distribution to hyperglycemia.
Dehydration of the blood by means of glucose alone was not achieved. In spite of large quantities given rapidly--sometimes more than 10 gin. per kilo body weight per hour--and despite enormous diuresis, there was never a reduction of the relative volume of serum. The amount of water injected with the glucose (50 per cent solution) was insufficient in itself to prevent dehydration. In one instance the total amount injected represented less than one-tenth of the loss by diuresis. The longest injection period was 4½ hours. It is highly probable that the tissue water supply of the normal dog is great enough to prevent dehydration of the blood by glucose over short periods of time. If administration of large amounts were continued long enough, it is conceivable that the constant diuresis must diminish the total volume of body water so that ultimately the tissue supply would become exhausted and blood concentration would result. One such attempt resulted in the death of the dog, and even then no evidence of blood concentration was obtained. Hence it was not found possible to reproduce experimentally the conditions that existed in the young diabetic patients of the first group at the time they were admitted to the hospital.
Studies on Serum.
When glucose is administered to the unanesthetized dog, either by stomach tube or intravenously, there follows a prompt increase in the relative volume of serum. This relative hydremia is roughly pro-
portional to the quantity of glucose introduced. As the relative volume of serum increases there occurs a fall in the chlorine concentration of the serum. The reduction of serum chlorine is too great to be accounted for by a simple dilution of the plasma. If only a moderate quantity of glucose is given, there is practically no change observed in the conductivities of the serum. They remain practically constant in spite of the variations in serum chlorine concentration. This, of course, has produced further examples of the type of "conductivitychloride discrepancy" mentioned by Atchley, Loeb, Benedict, and Palmer (2) . (See last three determinations of the quantities in Fig. 1 .) If a large quantity of glucose is administered, there follows a depression of the serum conductivity that is large in proportion to the fall in concentration of serum chlorine, producing the transient type of conductivity-chloride discrepancy identical with those reported previously on human sera (1) . In addition to these, a third type of conductivity-chlorine discrepancy has been observed in the serum of one dog. In this variety the serum conductivity is far below the expected, in relation to the existing serum chlorine concentration. It is illustrated by the first two determinations of the quantities in Fig. 2 . Inasmuch as it occurred in a normal dog before any nonelectrolyte was added to its blood stream, the cause is entirely unknown.
When the administration of glucose is discontinued the relative volume of serum gradually falls to the normal, and the serum chlorine concentration gradually rises again to normal. If the transient type of c0nductivity-chlorine discrepancy has been present, it disappears. From these observations we find that, so far as blood concentration and water balance are concerned, the experimentally hyperglycemic dog reproduces the conditions known to exist in the elderly or arteriosclerotic diabetic patient.
Studies on Corpuscles.
During the time of intravenous glucose administration there is a transfer of chlorine from the plasma to the corpuscles. Frequently there has been noted a transient decrease in corpuscular chlorine just before the main increase. The significance of this is not clear. The effects of a marked hyperglycemia on the blood'of a dog. Note the increase in the relative volume of serum, the reduction of the serum chlorine, and the 130 per cent increase in the corpuscular chlorine. The effect of insulin upon the relative blood volumes, blood sugar, and corpuscular chlorine is also shown. The first two values for serum conductivity and serum chlorine.illustrate the third type of conductivity-chloride discrepancy.
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It is strikingly similar to the transient initial increase in corpuscular chlorine just before the main decrease which was observed in diabetes when the blood sugar was lowered rapidly. Figs. 1 and 2 demonstrate very clearly this phenomenon of chlorine transfer. In general it has been found that the curves for corpuscular chlorine and relative serum volume parallel the blood sugar curve.
The erythrocytes did not increase their average individual volume as a result of the increasing hyperglycemia in the three instances in which the feature was studied. In fact, in Dog 4 the volume diminished as the blood sugar increased despite a 37 per cent reduction in the alkaline reserve, and in Dog 5 the volume increased as the blood sugar fell and then decreased as the blood sugar rose again. In Dog 6 there seemed to be no consistent relation.
The apparatus and methods used in making this series of determinations are identical with those previously used on human blood. The relative volumes of serum and cells were calculated from the electrical conductivities of the whole blood and of blood serum according to the method developed by Stewart (3). Erythrocyte counts were all made by me in duplicate, and with the same pipette and counting chamber. The average erythrocyte volume was obtained by dividing the relative volume of cells, expressed in c. ram., by the number of cells per c. mm. The corpuscular chlorine was calculated from the determined percentage concentrations in the whole blood and in the serum, and from the calculated relative blood volumes. Blood sugar dcterminations were made by the method of Folin and Wu (4). Blood chloride and serum chloride determinations were made by the method of Whitehorn (5) .
The glucose was prepared as a 50 per cent solution in distilled water and then fitrated to neutrality with 0.1 normal NaOH, with phenolphthalein as indicator. This precaution is necessary as solutions of glucose in water are quite acid, and their intravenous use may produce results that are not due to glucose alone. Usually it requires about 10 cc. of 0.1 normal NaOH to neutralize 50 gm. in 100 cc. distilled water. SUMMARY.
1. In normal dogs experimental hyperglycemia causes a prompt dilution of the circulating blood. This is evidenced by the increase in the relative volume of serum and the reduction of the erythrocyte counts. If the hyperglycemia is large, the viscosity of the blood is visibly diminished.
2. As the hyperglycemia increases there occurs a reduction of the serum chlorine concentration and an increase in the concentration of corpuscular chlorine.
3. Reduction of an artificial hyperglycemia restores the relative blood volumes to their normal status. The erythrocyte count rises to the normal and the corpuscular chlorine concentration is diminished. If the reduction is a large one, the viscosity of the blood is visibly increased.
4. The same types of conductivity-chloride discrepancy t h a t occur in h u m a n blood are found in the blood of dogs. I n addition, a third type is described.
5. Hyperglycemia does not cause the same changes in the volume of the average erythrocyte of the dog as it does in the case of h u m a n erythrocytes.
Protocol 1.
June 20, 1924. Given glucose intermittently in small amounts by intravenous injection. Glucose in 50 per cent solution, made neutral to phenolphthalein by adding sufficient 0.1 N NaOH. Total amount given was 18 gm., representing an approximate rate of 1.1 gm. per kilo body weight per hour. 
